Abstract: Biochar, byproduct of pyrolysis for bioenergy production, is a good adsorbent of nutrients and pollutants from wastewater (WW). Efficiency of nutrient removal by biochar is dependent on the feedstock used. Removal of nitrogen (N) and phosphorus (P) from WW was evaluated using a commercial biochar, from Dynamotive company (DY), activated carbon (AC), or biochars produced from peanut hull (PH), bagasse (BG) or hickory wood (HW), at rates 2.5 to 100 g L -1 WW. Removal of NH4-N by DY and PH biochars increased significantly with an increase in biochar rate. In the case of BG and HW biochars, the highest removal of NH 4 -N was at 25 g L -1 rate. Removal of NH 4 -N by AC was extremely low, except at 100 g L -1 rate. The Ortho-P adsorption from WW increased with increasing rates of biochar, except for PH biochar. This study demonstrated that most of the biochars, except PH biochar, are more effective than AC in removal of NH 4 -N and P from wastewater. The N and P enriched biochar can be used as soil amendment to agricultural soils to supply nutrients and enhance carbon sequestration.
Introduction
Industrial, agricultural or municipal wastewaters (WW) contain high concentrations of nutrients, metals, and other pollutants. Removal of these pollutants from WW is mandatory before the water can be discharged to streams/rivers or pumped to recharge groundwater (USEPA, 2000) .Excess loading of nutrients from WW is a significant concern of negative effects on quality of surface water bodies (Smith et al., 1999) . The cleanup process of WW is often expensive, but is required to minimize the potential loading of the pollutants to surface or groundwater resources. One of the alternatives is to explore cost effective adsorbent material for removing WW pollutants to make the waste water treatment cost effective (USEPA, 2000).
Biochar, a by-product of bioenergy production through pyrolysis of carbon-rich biomass feedstocks, has been suggested as a potential agent to clean the WW by adsorption of heavy metals and other pollutants, e.g. lead (Cao et (Wilson et al., 2003) . The unique characteristics of biochar, i.e. small particle size, large surface area, and negative surface charge, make biochar a good adsorbent for positively charged ions (Liang et al., 2006; Lehmann, 2007) . Biochar produced from different agricultural residues also contain calcium (Ca) and magnesium (Mg) carbonates (Yuan et al., 2011) , which enable biochar to adsorb negatively charged ions including phosphate (Yao et al., 2011) .
Variations in feedstock type and pyrolysis conditions may influence the resulting biochar's characteristics and hence its capacity to remove pollutants from WW (Cantrell et al., 2012; Novak et al., 2009; Singh et al., 2010) . The objective of this study was to evaluate the adsorption of N and P from municipal WW by biochars produced from different feedstocks.
Materials and Methods

Wastewater and Biochar
Wastewater used in this study was sampled from a municipal wastewater treatment facility at the Tropical Research and Education Center (TREC), University of Florida (UF), Homestead, FL, and stored at 4o C prior to use. 
Data Analysis
The concentration of adsorbed ion on the sorbentwas calculated by 
Results
NH 4
+ -N removal The WW used in this study contained only NH 4 + form of N ( Table 1 ). The rate of adsorption of NH 4 -N by the adsorbents peaked at 2.5 g absorbent L -1 of WW, except for HW biochar and AC, and subsequently the adsorption rate decreased with further increase in rate of adsorbent (Fig. 1) . For the HW biochar, the rate of NH4-N adsorption peaked at adsorbent rate of 5.0 g L -1 WW, remained constant at 10 g L -1 rate, and then declined.
For AC, there was some NH 4 -N release at the first 3 rates of AC addition. With further increase in AC rates, there was slight adsorption of NH 4 -N far lower than that by the other biochar sources. At the highest rate of addition of adsorbent (100 g L -1 of WW), the percent removal of NH 4 -N decreased in the order: DY (80%) > PH (66%) > HW (59%) > BG (53%) > AC (36%) ( Table 2 ).
The percent removal of NH 4 -N from WW increased with increasing rate of adsorbent addition to WW only for DY, PH, and AC (Table 2) . For HW and BG adsorbents, the percent removal of NH 4 -1 rate, the percent removal of NH4-N ranked in the order: HW (72%) > BG (63%) > DY (43%) > PH (29%) > AC (4%).
Ortho-P removal
Ortho-P content of WW was 1.94 mg L -1 ( Table 1 ). The Ortho-P concentration of PH biochar 4.7 mg kg -1 . Therefore, this biochar was not effective in Ortho-P removal from WW (Table 3) . In fact, the data showed Ortho-P released from this biochar into the solution at all rates of PH biochar addition to WW. For the rest of the adsorbents the percent Ortho-P removal increased with increased rate of adsorbent addition. For HW and BG adsorbents the percent P removal peaked at 96 and 98%, respectively, with addition of 10.0 g L -1 rate. The percent Ortho-P removal slightly decreased with further increase in rate of biochar addition from 25.0 to 50.0 g L -1 . For DY biochar the percent Ortho-P removal peaked (87%) at 50.0 g L -1 rate with slight reduction (79%) at 100.0 g L -1 . The percent Ortho-P removal increased with each increment in AC addition up to 100 g L -1 . The DY, HW, and BG biochars were more effective in Ortho-P removal from WW as compared to that by AC. For the latter, the percent Ortho-P removal was < 7 % with ≤ 10 g L -1 , and then increased from 22 to 60% with an increase in rate from 25 to 100 g L -1 . The most effective was BG, which removed 98% of Ortho-P from WW with 5 g L -1 . To remove 96% and 87% Ortho-P from WW, 100 and 50 g of HW and DY biochar were required, respectively.
The Ortho-P adsorption rate by the BG and HW biochar peaked at adsorbent rate of 2.5 g L -1 WW, and then declined with further increase in rate of adsorbent (Fig. 2) . For the DY biochar, the rate of Ortho-P adsorption peaked at 10 g L -1 and then decreased. The rate of Ortho-P adsorption by AC was much lower than that of BG, HW and DY biochar at 2.5, 5, 10, and 25 gL -1 rates. This difference gradually decreased at 50 and 100 gL-1 rates.
Discussion
With increase in rate of addition of adsorbent the rate of NH 4 -N adsorption per unit weight of adsorbent decreased for most adsorbents. However, the percent removal of NH 4 -N from WW increased. This can be attributed to nonproportional increase in active adsorption sites with an increase in total weight of adsorbent or overlapping of active adsorption sites with an increase in weight of adsorbent in fixed volume of WW (Garg et al., 2007) . Increase in total number of active adsorption sites accompanied by an increase in surface area appears to be the main factor contributing to an increase in percent NH 4 -N removal with an increase of adsorbent weight (Hussain et al., 2006) . For BG, the volume of biochar might also be a potential factor influencing the adsorption due to its "sponge characteristics". Excess rate of BG and HW may have caused insufficient contact with WW in the equilibration tube. This, in turn, contributed to decreased percent removal of NH4-N at > 25 g L -1 rates.
Among all the adsorbents used, BG biochar was most efficient for removing Ortho-P from WW by adsorption. Due to the high Ortho-P content of the PH biochar (4.74 mg kg -1 ), it was not a suitable adsorbent for removal of Ortho-P from WW. Instead, application of this biochar at all rates increased the Ortho-P content in the equilibration solution due to desorption of P from this biochar. 
